EP000540280 fhttp://www.qetthepatentxom/L ogin.do g/$aerbrecht/@095309%2E56500US/Fetch/EP000540280x 1 of 31 



J) 



® 



Europaisches Patentamt 
European Patent Office 
Office europden des brevete 




(11) Publication number : 0 540 280 A1 



EUROPEAN PATENT APPLICATION 



(|i) Application number: 92309801.6 
@ Date of filing : 26.10.92 



% Int. CI.**: F01N 3/28, F01N 3/08, 
F01N3/20, B01D 53/36 



@) Priority : 29.10.91 JP 308245/91 

18.08.92 JP 219145/92 

@ Date of publication of application : 

05.05.93 Bulletin 93/18 

(S) Designated Contracting States : 
DE FR GB 

Applicant : TOYOTA Jl DOSHA KABUSHIKI 
KAISHA 

1, Toyota-cho Toyota-shi 
Aichi-ken 471 (JP) 



(72) Inventor : Talceshima, Shiniciii, c/o Toyota 
Jldosiia ICK. 
1 Toyota-cho 

Toyota-shi, Aichi-lcen 471 (JP) 

Inventor : Seto, Satomi, c/o Toyota Jidosha 

K.K. 

1 Toyota-cho 

Toyota-shi, Aichi-lten 471 (JP) 

Inventor : Hi rota, Shinya, c/o Toyota Jidosha 

K.K. 

1 Toyota-cho 

Toyota-shi, Aichi-lcen 471 (JP) 

(f4) Representative : Ben-Nathan, Laurence Albert 
et al 

Urquhart-Dyices & Lord 91 Wimpole Street 
London W1M 8AH (GB) 



(g) Nitrogen oxides decreasing apparatus for internal connbustion engine. 



e 

00 



(g) In an exhaust purification apparatus of an 
internal combustion engine having an NOx 
adsorption and release material (2) in an 
exhaust conduit (6), a heater (24) is provided 
dose to the NOx adsorption and release ma- 
terial (2). When an NOx adsorption operation 
continues for a predetemriined period, the hea- 
ter (24) is switched on to raise the temperature 
of tlie NOx adsorption and release material (2) 
above a predetermined temperature, for 
example, 500''C. When the temperature of the 
NOx adsorption and release material (2) is high, 
the NOx adsorption and release material (2) 
releases absorbed NOx and is regenerated. Re- 
leased NOx is contacted with a reduction catal- 
yst (4). 



F I G. 1 




BYPASS VALVE CONTROL 

MEANS 




NOx ABSORPTION AND 
RELEASE MATERIAL 
REGENERATION MEANS 



26 



Q. 

UJ 



Jouve, 18, fue Saint-Oenis, 75001 PARIS 



EP 000540280 [ http://v\Aiw. g etthepatent.com/Login.dog/Saerbrecht/@095309%2E56500US/Fetch/EP00054028^ 2 of 31 



EP 0 540 280 A1 



The present invention relates to a nitrogen oxides 
(NOx) decreasing apparatus for an internal combus- 
tion engine. More particularly, the present invention 
relates to an apparatus for effectively purifying NOx 
included in exhaust gas from a lean burn engine, us- 
ing a combination of an NOx absorption and release 
material and an NOx purification catalyst. 

To improve fuel economy and to suppress ex- 
haust of carbon dioxide (CO2) to thereby reduce glo- 
bal warming, engines capable of fuel combustion at 
lean air-fuel ratios (lean burn engines which include 
lean burn gasoline engines and diesel engines) are 
being developed and are partially in actual use. Since 
a conventional catalyst (three-way catalyst) cannot 
reduce and purify NOx at lean air-fuel ratios, there is 
a need to develop a catalyst or system that can purify 
NOx even at lean air-fuel ratios, that is, under oxidiz- 
ing gas conditions (excess-oxygen conditions). 

As an apparatus capable of purifying NOx under 
oxidizing gas conditions, the present applicant filed 
Japanese Patent Application HEI 3-289046 an Octo- 
ber 4, 1991 , in which an NOx absorption and release 
material capable of absorbing NOx at lean air-fuel ra- 
tios and releasing the absorbed NOx at rich air-fuel 
ratios is installed in an exhaust conduit of a lean burn 
engine. The air-fuel ratio of the engine is momentarily 
changed to a rich air-fuel ratio before the NOx absorp- 
tion and release material is saturated so that the the 
NOx absorption and release material is regenerated. 

However, NOx release operation of the NOx ab- 
sorption and release material is affected not only by 
the amount of excess oxygen in the exhaust gas but 
also by exhaust gas temperature. Therefore, the NOx 
absorption and release material may release the ab- 
sorbed NOx at some temperatures even under oxid- 
izing gas conditions. On the other hand, the NOx ab- 
sorption and release material may release little NOx 
at other temperatures even at rich air-fuel ratios, and 
therefore, the NOx release time period may have to 
be prolonged or the frequency of NOx release may 
have to be increased, which will be accompanied by 
degradation of driveabillty. Further, if it is intended to 
maintain the NOx absorption and release material at 
appropriate temperatures from the viewpoint of NOx 
absorption and release, location of the NOx absorp- 
tion and release material will be limited and freedom 
of design will be restricted. 

An object of the invention is to provide an NOx de- 
creasing device for an internal combustion engine 
where a temperature of an NOx absorption and re- 
lease material can be controlled Intentionally without 
being restricted by location of the NOx absorption and 
release material. 

The above-described object is achieved by an 
NOx decreasing apparatus for an internal combustion 
engine in accordance with the invention, which in- 
cludes: an internal combustion engine capable of fuel 
combustion at lean air-fuel ratios; an exhaust conduit 



connected to the internal combustion engine; an NOx 
absorption and release material, installed in the ex- 
haust conduit, for absorbing NOx included in exhaust 
gas from the engine under oxidizing gas conditions at 
5 temperatures below a predetermined temperature 
and releasing the absorbed NOx at temperatures 
above the predetermined temperature; and a heater 
installed in the exhaust conduit and operable to heat 
the NOx absorption and release material to a temper- 
to ature higher than the predetermined temperature. 

In the al>ove-described NOx decreasing appara- 
tus, since the NOx absorption and release material 
can be heated intentionally by the heater to a temper- 
ature above the predetermined temperature, release 
15 of NOx from the NOx absorption and release material 
is executed even though the exhaust gas tempera- 
ture is low, without being affected by the location of 
the NOx absorption and release material and the op- 
erating condition of the internal combustion engine. 
20 The above-described object and other objects, 

features, and advantages of the present invention will 
become more apparent and will be more readily ap- 
preciated from the following detailed description of 
the preferred embodiments of the invention taken in 
25 conjunction with the accompanying drawings, in 
which 

FIG. 1 is a schematic system diagram of an NOx 
decreasing apparatus for an internal combustion 
engine in accordance with a first embodiment of 
30 the invention; 

FIG. 2 is a more detailed system diagram of the 
apparatus of FIG. 1; 

FIG. 3 is a flowchart of regeneration control of an 
NOx absorption and release material used in the 

35 apparatus of FIG. 1 ; 

FIG. 4 Is a flow chart for controlling various flags 
so that the routine does not proceed to NOx re- 
generation steps 104'-110 before a predeter- 
mined time period SNeO has elapsed since re- 

40 generation of the NOx absorption and release 

material; 

FIG. 5 is a schematic side elevational view of a 
vehicle mounting the NOx decreasing apparatus 
of FIG. 1; 

45 FIG. 6 is a graphical representation of an NOx 

concentration versus exhaust gas temperature 
characteristic of the NOx absorption and release 
material used in the apparatus of FIG. 1; 
FIG. 7 Is a schematic side elevational view of a 

50 vehicle mounting an NOx decreasing apparatus 

for an Internal combustion engine in accordance 
with a second embodiment of the present inven- 
tion; 

FIG. 8 is a schematic system diagram of the NOx 
55 decreasing apparatus of FIG. 7; 

FIG. 9 is a flow chart of control for NOx natural re- 
lease of the NOx decreasing apparatus of FIG. 8; 
FIG. 10 is a flow chart of control for NOx release 
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of the NOx decreasing apparatus of FIG. 8; 
FIG. 11 Is a graphical representation of NOx ab- 
sorption rate versus exhaust gas temperature 
characteristics of the NOx absorption and re- 
lease material of the apparatus of FIG. 7 at a lean 
burn condition and a stoichiometric control con- 
dition; 

FIG. 1 2 is a schematic system diagram of an NOx 
decreasing apparatus for an Internal combustion 
engine in accordance with a third embodiment of 
the invention; 

FIG. 13 is a flow chart of control for regeneration 
start of an NOx absorption and release material 
of the apparatus of FIG. 12; 
FIG. 14 is a flow chart of control for regeneration 
finish and reset of an NOx absorption and release 
material provided in one conduit of the apparatus 
of FIG. 12; 

FIG. 15 is a flow chart of control for regeneration 
finish and reset of an NOx absorption and release 
material provided in another conduit of the appa- 
ratus of FIG. 12; 

FIG. 16 is a schematic system diagram of an NOx 
decreasing apparatus for an internal combustion 
engine in accordance with a fourth embodiment 
of the invention; 

FIG. 17 is a flow chart of control for regeneration 
start of the NOx decreasing apparatus of FIG. 16; 
FIG. 18 is a flow chart of control for regeneration 
finish and reset of an NOx absorptbn and release 
material provided in one conduit of the apparatus 
of FIG. 18; and 

FIG. 19 is a flow chart of control for regeneration 
finish and reset of an NOx absorption and release 
material provided in another conduit of the appa- 
ratus of FIG. 16. 

Four preferred embodiments of the invention will 
be explained with reference to the drawings. FIGS, 1- 
6 illustrate a first embodiment of the invention: FIGS. 
7-11 illustrate a second embodiment of the invention: 
FIGS. 12-15 illustrate a third embodiment of the in- 
vention: and FIGS. 16-19 Illustrate a fourth embodi- 
ment of the invention. 

FIRST EMBODIMENT 

As illustrated in FIG. 1, an internal combustion 
engine capable of fuel combustion at lean air-fuel ra- 
tios has an exhaust conduit 6. An NOx absorption and 
release material 2 and an NOx decomposition cata- 
lyst 4 are disposed In the exhaust conduit 6 In that or- 
der in the direction of exhaust gas flow. An electric 
heater 24 operable to heat the NOx absorption and re- 
lease material 2 is located in the exhaust conduit 6. 
Preferably, the heater 24 is located upstream of and 
close to the NOx absorption and release material 2. 
A bypass conduit 8 bypassing the heater 24 and the 
NOx decomposition catalyst 4 is provided to the ex- 



haust conduit 6. A bypass valve 1 0 is disposed at a di- 
verging portion of the bypass conduit 8 and the ex- 
haust conduit 6 to permit control of the ratio of the 
amount of exhaust gas flowing through the NOx ab- 

5 sorption and release catalyst to the amount of ex- 
haust gas flowing through the bypass conduit 8. 

Switching of the heater 24 between "ON" and 
"OFF" Is controlled by an NOx absorption and release 
material regeneration means 26. Operation of the by- 

10 pass valve 10 is controlled by a bypass valve control 
means 12. When the NOx absorption and release ma- 
terial 2 has continuously absorbed NOx for a prede- 
termined time period, the heater 24 Is switched to 
"ON" to heat the NOx absorption and release material 

15 2. When the temperature T of the NOx absorption and 
release catalyst has exceeded a predetermined tenrv 
perature TO, the bypass valve 10 throttles the ex- 
haust gas flowing through the NOx absorption and re- 
lease material 2 and the NOx decomposition catalyst 

20 4 for a predetermined period, for example, ten sec- 
onds. 

FIG. 2 illustrates the system in more detail. In 
FIG. 2, an electronic control unit (ECU) 14 is consti- 
tuted by a micro computer. The NOx absorption and 

25 release material regeneration means 26 and the by- 
pass valve control means 1 2 comprise means defined 
in programs (see FIGS. 3 and 4) stored in the ECU 1 4. 
The ECU 14 includes a central processor unit (CPU) 
14a for executing calculations, a read-only menrK>ry 

30 (ROM) 1 4b, a random access memory (RAM) 1 4c, an 
analog/digital converter 14d for converting analog 
signals to digital signals, an input interface 14e, and 
an output interface 14f. A timer (descrit>ed later) 14g 
is connected to the ECU 14. 

35 In the exhaust conduit 6, an exhaust gas temper- 

ature sensor (or an NOx absorption and release ma- 
terial temperature sensor) 16 is installed in a portion 
of the exhaust conduit 6 downstream of the heater 24. 
The output of the sensor 1 6 is fed to the analog/digital 

40 converter 14d and is used as an exhaust gas temper- 
ature T in calculation. The results of the calculation 
executed at the CPU 14a are sent via the output In- 
terface 14f to the heater 24 and an actuator of the by- 
pass valve 10 so that the heater 24 and the bypass 

45 valve 1 0 are co ntrol I ed . 

The NOx absorption and release material 2 is dis- 
posed in a portion of the exhaust conduit where the 
exhaust gas temperature is lower than 500''C. Such 
an exhaust conduit portion is usually spaced apart 

50 from the engine 18 and is located under a floor of a 
vehicle 20, as shown in FIG. 5. A member denoted 
with reference numeral 22 is a muffler. 

The NOx absorption and release material 2 com- 
prises a material capable of absorbing NOx included 

55 In exhaust gas at temperatures below a predeter- 
mined temperature (for example, SOO'^C) and releas- 
ing absorbed NOx at temperature above the prede- 
termined temperature. Such an NOx absorption and 
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release material comprises a composite oxide of alka- 
li earth and copper (Ba-Cu-O base), or a combination 
of rare-eartti element and noble metal. The compo- 
site oxide of alkali earth and copper is, for example, 
Mn02 BaCu02, and the combination of rare-earth 5 
element and noble metal is, for example, a combina- 
tion of lanthanum (La) and platinum (Pt). The Ba-Cu- 
O base NOx absorption and release material converts 
NO into NO2 at temperatures below about 500X and 
can absorb stably the converted NO2 in the crystal 10 
structure of the NOx absorptk>n and release material. 
The Ba-Cu-O base NOx absorption and release ma- 
teria] 2 loses its NOx absorption ability at tempera- 
tures above about 500''C and releases absorbed NO2, 
which the NOx absorption and release material 2 has 15 
absorbed for several hours, within a short period of 
time, for example, ten seconds. 

The Ba-Cu-O base NOx absorptton and release 
material 2 is produced by the following methods: 

20 

Production method 1 (Pt carried): 



Equal moles of copper nitrate and barium nitrate 
were mixed and the mixture was calcined in air at 
650°C for four hours. Then, the resulting sinstered 
mixture was placed into 8-platinum nitrate solution so 
that platinum was deposited onto the sintered mix- 
ture. Then, the platinum-coated mixture was roasted 
at SOO'^C in a flow of nitrogen. 



Formation into a monolith: 



25 



30 



Production method 2 (cerium carried): 

Equal moles of copper nitrate and barium nitrate 
were mixed and the mixture was calcined in air at 
esO^'C for four hours. This sintered mixture was 35 
placed Into cerium nitrate solution so that cerium was 
deposited onto the mixture. Then, the cerium-coated 
mbcture was roasted at SOO^'C In a flow of air. 



40 



Powder of one of the above-described roasted 
mixtures, slllca-sol. and water were mixed at a ratio of 
100 : 100 : 10 to produce a slurry. A monolith con- 
structed of sintered cordierite was immersed in the 45 
slurry and then was taken out of the slurry and was 
dried in a stream of hot air at 250*'C. This coating pro- 
cedure was repeated several times, and then the 
coated monolith was roasted at SOO^'C to obtain an 
NOx absorption and release material. $0 

FIG. 6 illustrates an NOx concentration versus 
temperature characteristic of the exhaust gas at an 
outlet of the Ba-Cu-O (Ba : Cu = 1 : 1 3) base NOx ab- 
sorption and release material In a condition of no oxy- 
gen (solid line) and at a space velocity or specific vol- 55 
ume rate (volumes of exhaust gas per volume of NOx 
absorption and release material) of 6,000/hour. In the 
presence of oxygen, the NOx release characteristic 



shifts by 50 - 100*^0 toward the right (dashed line) in 
FIG. 6. From FIG. 6, it is seen that the Ba-Cu-O base 
NOx absorption and release material releases NOx 
under oxidizing gas conditions at lean air-fuel ratios 
above about SOO^'C, for example, when the heater is 
switched to "ON", and absorbs NOx at temperatures 
below about SOO^'C, for example, when the heater is 
switched to "OFF". Further, if the air-fuel ratio Is 
changed to a stoichiometric air-fuel ratio or rich rattos, 
the exhaust gas approaches the non-oxygen condi- 
tion and the NOx release characteristic shifts to a 
lower temperature so that NOx release is promoted. 

The NOx decomposition catalyst 4 comprises a 
transition metal/zeolite catalyst, a noble metal/alumi- 
na catalyst, or a cobalt/alumina catalyst. The transi- 
tion metal/zeolite catalyst includes zeolite and a tran- 
sition metal, for example copper, ion-exchanged and 
deposited onto the zeolite. The noble metal/alumina 
catalyst includes a carrier of alumina (Ai203) and a no- 
ble metal, for example platinum, deposited onto the 
alumina carrier. The cobalt/alumina catalyst Includes 
an alumina carrier and cobalt deposited onto the alu- 
mina carrier. These catalysts can decompose NOx 
into N2 and O2 at low space velocities in the presence 
of an appropriate amount of HC, or without HC. The 
amount of HC should be appropriate, because too 
much HC would decrease the NOx decomposition 
rate of the catalyst. Also, the space velocity should be 
low, because the NOx decompositkin rate of the NOx 
absorption and release material is low at high space 
velocities. Therefore, when the heater 24 Is switched 
to "ON" and the temperature of the exhaust gas at the 
NOx absorption and release material is higher than 
the predetermined temperature TO (for example, 
500®C), the bypass valve 10 should throttle the 
amount of exhaust gas flowing through the NOx ab- 
sorption and release material 2 and the NOx deconrv 
position catalyst 4 so that the space velocity at the 
NOx decomposition catalyst 4 is low. 

FIGS. 3 and 4 illustrate control routines for con- 
trolling the heater 24 and the bypass valve 10 so that 
the heater 24 Is switched to "ON" to heat the NOx ab- 
sorption and release material 2 at a predetermined 
condition and at the same time the bypass valve 10 
throttles the amount of exhaust gas flowing through 
the NOx decomposition catalyst 4 to cause the NOx 
decomposition catalyst 4 to decompose NOx at a high 
rate. These routines are stored in the ROM 14b and 
are entered into the CPU 14a where calculations are 
executed. The control routines of FIGS. 3 and 4 are 
entered at intervals of predetermined pertods or at ev- 
ery predetermined crank angle. 

In the routine of FIG. 3, at step 102 a decision is 
made as to whether a heater and bypass valve oper- 
ation flag Fdb is "1" or not. The state that flag Fdb is 
"1" means that the heater 24 is in an "ON" state and 
the bypass valve 1 0 throttles the exhaust gas flowing 
through the NOx absorption and release material 2 
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and the NOx decomposition catalyst 4 and causes a 
large portion of the exhaust gas to flow through the 
bypass conduit 8. In contrast, the state that flag Fdb 
is "0" means that the heater 24 is in an "OFF" state 
and all of the exhaust gas flows through the NOx ab- 
sorption and release material 2 and the NOx decom- 
position catalyst 4. 

When It is determined at step 102 that flag Fdb 
Is "1", since the heater 24 is in an "ON" state and the 
bypass valve 10 is in a throttling operation, the heater 
24 need not be switched to "ON" and the bypass valve 
10 need not be changed in operation to throttle the 
amount of the exhaust gas flowing through the NOx 
absorption and release material 2 by causing the rou- 
tine to proceed through steps 104 - 110. Thus, the 
routine proceeds directly to a return step. In contrast, 
when it is determined at step 102 that flag Fdb is "0", 
the routine proceeds to step 1 02 where a decision is 
made as to whether rotation accumulation flag Fdg is 
"r or not. The state that flag Fdg is "1" means that 
the accumulated engine rotations SNe counted since 
the last regeneration of the NOx absorption and re- 
lease material 2 do not exceed a predetermined nunrv 
ber of rotations SNeO and the NOx absorption and re- 
tease material 2 is not yet saturated. In contrast, the 
state that flag Fdg is "0" means that SNe is larger 
than SNeO and that the NOx absorption and release 
material 2 is already saturated or Is going to be satu- 
rated. 

When it is determined at step 104 that flag Fdg 
is "1", since a long period has not elapsed since last 
release of NOx from the NOx absorption and release 
material 2, the NOx absorption and release material 
2 need not be regenerated, and so the routine pro- 
ceeds to the return step. In contrast, when it is deter- 
mined at step 1 04 that flag Fdg is "0", the routine pro- 
ceeds to step 104', where the heater 24 is switched 
to "ON". Then, the routine proceeds to step 106, 
where a decision is made as to whether or not the ex- 
haust gas temperature (or NOx absorption and re- 
lease material temperature) T which is raised through 
heating by the heater 24 exceeds a predetermined 
temperature TO. TO is defined as a temperature form- 
ing a boundary between an NOx absorption temper- 
ature range and an NOx release temperature range, 
and TO is about SOO'^C. 

When it is determined at step 106 that T is equal 
to or smaller than TO, since the NOx absorption and 
release material 2 has not yet been raised in temper- 
ature to an NOx release beginning temperature after 
the switching-on of the heater 24, the routine pro- 
ceeds to the return step. In contrast, when it is deter- 
mined at step 1 06 that T exceeds TO, the routine pro- 
ceeds to steps 108 and 110 to control the bypass 
valve 10 so thatthe NOx decomposition catalyst4 de- 
composes at high decomposition rates the NOx which 
the NOx absorption and release material 2 begins to 
release. 



Since the heater 24 is in an "ON" state and the 
bypass valve 10 is in a throttling condition when the 
routine proceeds through the route including steps 
108 and step 110, flag Fdb is set to "1" at step 108. 

5 Then, the routine proceeds to step 110, where the by- 
pass valve 10 is switched to throttle the exhaust gas 
flowing though the NOx absorption and release ma- 
terial 2 and the NOx decomposition catalyst 4, and 
then the timer 14g Is switched on. 

10 The timer 14g Is preset to switch off the heater 

24, to clear the accumulated rotation SNe to zero, and 
to reset flag Fdb to "0", after about ten seconds has 
elapsed since the switching on of the timer 14g. Ac- 
cordingly, the timer 14g maintains the heater 24 at an 

15 "ON" state for about ten seconds after the exhaust 
gas temperature T exceeds the predetermined tem- 
perature TO subsequent to switching the heater on, so 
that NOx release from the NOx absorption and re- 
lease material 2 is completed during the period of 

20 about ten seconds. After the period of ten seconds, 
flag Fdb is cleared and the timer 14g Is reset. 

In the above-described structure, steps 104 and 
1 04' and the timer 14g constitute the NOx absorption 
and release material regeneration means 26, and 

25 steps 106 and 110 and the timer 14g constitute the 
bypass valve control means 12. 

Following the routine of FIG. 3, a routine of FIG. 
4 is entered. The routine of FIG. 4 is a flag control rou- 
tine for controlling flags Fdb and Fdg so that the hea- 

30 ter 24 and the bypass valve 1 0 are prevented from op- 
eration before the NOx absorption and release mate- 
rial 2 is saturated, even though exhaust gas temper- 
ature T exceeds the predetermined temperature TO. 
The routine of FIG. 4 assures that exhaust gas flow 

35 through the bypass conduit 8 to atmosphere without 
being purified will not continue for a long period of 
time. 

More particularly, at step 202, a decision is made 
as to whether flag Fdb is "1". When it is determined 

40 at step 202 that flag Fdb is "0", the routine proceeds 
to step 204, where the number of engine rotations 
counted since last regeneration of the NOx absorp- 
tion and release material 2 Is Increased by every en- 
try to the routine of FIG. 4. When it is determined at 

45 step 202 that Fdb is "1 ", the routine proceeds directly 
to a return step. 

If Fdb is "0", the routine proceeds from step 202 
to 204, and the engine rotation number SNe is accu- 
mulated. Then, the routine proceeds to step 206, 

so where a decision is made as to whether the accumu- 
lated rotation SNe exceeds the predetermined rota- 
tion SNeO. if SNe is equal to or less than SNeO at step 
202, the NOx absorption and release material 2 may 
be deemed to have not yet been saturated, and the 

55 routine proceeds to step 212, where flag Fdg Is set to 
"1 ". If SNe exceeds SNeO at step 202, the routine pro- 
ceeds to steps 208 and 210 where flags Fdb and Fdg 
are set to "1" in preparation for execution of control 
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according to the routine of FIG. 3. 

Operation of the first emt)odiment will now be ex- 
plained. 

In a standard operation range, all of the exhaust 
gas flows through the NOx absorption and release 
material 2 and the NOx decomposition catalyst 4. 
Since the heater 24 is in an "OFF" state and the ex- 
haust gas temperature at the inlet of the NOx absorp- 
tion and release material 2 is below about SOC'C, NOx 
included in the exhaust gas is absorbed by the NOx 
absorption and release material 2. The volume of the 
NOx absorbing and release material 2 is selected so 
that the material has enough capacity to continuously 
absorb NOx included in the exhaust gas for several 
hours. After continuous operation for several hours 
and the NOx absorption and release material 2 ap- 
proaches the saturation, the heater 24 is switched on 
and the exhaust gas temperature (NOx absorption 
and release material temperature) increases to above 
SOC'C at the inlet of the NOx absorption and release 
material 2. In this high temperature condition, the 
NOx absorption and release material 2 releases the 
NOx which had been absorbed, so as to be finally re- 
generated. During the NOx release period of the NOx 
absorption and release material 2, the bypass valve 
10 throttles the exhaust gas flowing to the NOx de- 
composition catalyst 4 so that the space velocity at 
the NOx decomposition catalyst 4 is low and NOx is 
decomposed into N2 and O2 by the NOx decomposi- 
tion catalyst 4 at high rates. 

Release of absorbed NOx from the NOx absorp- 
tion and release material 2 is achieved in about ten 
seconds. During the regeneration of the NOx absorp- 
tion and release material 2, most of the exhaust gas 
flows through the bypass conduit 8 and the NOx in- 
cluded in the exhaust gas is exhausted to atmos- 
phere without being decomposed. However, this 
state continues for only about ten seconds and NOx 
exhausted during this short period is small, which will 
cause no problem from the viewpoint of environmen- 
tal pollution. 

The above-described at>sorption of NOx by the 
NOx absorption and release material 2 and regener- 
ation of the NOx absorption and release material 2 by 
operating the heater 24 do not require high exhaust 
gas temperature, so the location of the NOx absorp- 
tion and release material can be spaced from the en- 
gine. Accordingly, there is increased design freedom 
for locating the exhaust gas purification system. 

SECOND EMBODIMENT 

As illustrated in FIG. 7, an NOx absorption and re- 
lease material 56 is installed in an exhaust conduit 54 
of an internal combustion engine 52 capable of fuel 
combustion at lean air-fuel ratios. The exhaust con- 
duit 54 comprises a single conduit. A three-way cata- 
lyst 58 may be installed in the exhaust conduit down- 



stream of the NOx absorption and release material 
56. Since the NOx absorption and release material 54 
should be located in a portion of the exhaust conduit 
54 where the exhaust gas temperature Is below 

5 500''C, the NOx absorption and release material 54 is 
located under a floor of a vehicle 60. Preferably, an- 
other three-way catalyst 64 Is installed in the exhaust 
conduit between the engine 52 and the NOx absorp- 
tion and release material 56. The three-way catalyst 

10 64 is located dose to the engine 52. 

Like the NOx absorption and release material of 
the first embodiment, the NOx absorption and re- 
lease material 56 comprises a material capable of ab- 
sorbing NOx below a predetermined temperature (for 

15 example, 500*'G) and of releasing absorbed NOx at 
temperatures above the predetermined temperature, 
and comprises, for example, Ba-Cu-O base material. 

The three-way catalyst 58 can purify NOx, CO 
(carbon monoxide), and HC (hydrocarbons) included 

20 in exhaust gas at a stoichiometric or rich air-fuel ratio. 
However, at lean air-fuel ratios, the three-way cata- 
lyst 58 cannot purify NOx and can purify CO and HC 
only. 

The three-way catalyst 64 disposed between the 

25 engine 52 and the NOx absorption and release ma- 
terial 56 functions as a cold catalyst. More particular- 
ly, in a cold period immediately after engine start a 
large amount of HC is exhausted from the engine. 
Since the three-way catalyst 58 disposed in a down- 

30 stream portion of the exhaust conduit has not yet 
been warmed-up to the activation temperature of 
about 250**C, the three-way catalyst 58 can not purify 
the great amount of HC following a cold start. To pur- 
ify the cold HC, the three-way catalyst 64 is disposed 

35 close to the engine so that the three-way catalyst 64 
Is quickly warmed-up and HC can be purified quickly. 

Another reason why the three-way catalyst 64 is 
preferably provided is to suppress HC degradation of 
the NOx absorption and release material 56. In tests 

40 executed by the inventors, it was found that the larger 
the amount of HC, the lower is the NOx absorption 
ability of the NOx absorption and release material 56. 
This is because even if the NOx absorption and re- 
lease material converts NO into NO2 to absorb NO2. 

45 the converted NO2 is reduced to NO by HC, and NO 
cannot be absorbed by the NOx absorption and re- 
lease material 56. 

Although the NOx absorption and release mate- 
rial 56 and the three-way catalyst 58 are combined so 

50 as to purify NOx, when a lean burn and low temper- 
ature operation continues for a long time period, the 
NOx absorption and release material 56 will finally be 
saturated and lose its NOx absorption ability. The 
NOx which has not been purified at the saturated NOx 

55 absorption and release material 56 will flow to the 
three-way catalyst 58, which cannot purify NOx under 
oxidizing conditions, and then is exhausted as it is to 
atmosphere. To prevent such a direct exhaust of NOx 
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to atmosphere, the heater control apparatus shown in 
FIG. 8 and the heater control steps shown In FIGS. 9 
- 11 are provided in the second embodiment of the m- 
vention. 

In FIG. 8, an electronic control unit (ECU) 66 con- 
stituted by a micro computer includes a central proc- 
essor unit (CPU) 66a, a read-only memory (ROM) 
66b. a random access memory (RAM) 66c, an input 
interface (I/I) SSd. an output Interface (I/O) 66e, and 
an analog/digital converter (A/D) 66f. A first timer 68 
and a second timer 70, which will be described later, 
are connected to the CPU 66a. 

An intake pressure sensor 78 is Installed In an in- 
take conduit 79 downstream of a throttle valve 82 and 
generates an electric signal PM corresponding to an 
intake pressure PM. A crank angle sensor 76 Is 
housed in a distributor and generates an electric sig- 
nal which Is used for calculation of engine speed NE. 
In the exhaust conduit 54, an exhaust gas tempera- 
ture sensor (or NOx absorption and release material 
temperature sensor) 72 is installed downstream of the 
heater 84 and generates an electric signal corre- 
sponding to the exhaust gas temperature T. An oxy- 
gen sensor 74 also is provided in the exhaust conduit 
Analog signals among these signals are converted 
Into digital signals by the A/D converter 66f and then 
fed to the input interface 66d. Digital signals are fed 
to the input interface 66d as they are. The instruc- 
tions from the CPU 66a are sent through the output 
Interface 66e to respective members, for example, 
the heater 84 and a fuel injection valve 80. 

The ROM 66b stores the routines of FIGS. 9 and 
1 0 which are read by the CPU 66a, where control cal- 
culation is executed. The routines of FIGS. 9 and 10 
control the heater 84 so that when a lean burn condi- 
tion continues for a first predetermined time period, 
the heater 84 Is switched on and is maintained In an 
"ON" state for a second predetermined time period. 
Theroutinesof FIGS, 9and 10 further control the fuel 
injector to provide a stoichiometric or rich air-fuel ratio 
during the "ON" state of the heater. 

The control routine of FIG. 9 Is entered at prede- 
termined Intervals. At step 302, a decision is made as 
to whether release requirement flag Fd is "1" or not. 
The state that flag Fd is "1" means the NOx absorp- 
tion and release material 56 is close to saturation and 
needs to be regenerated. When flag Fd is "1" at step 
302. the routine proceeds to a return step, skipping 
steps 304 - 316. In a standard operatk>n, flag Fd is In 
a "0" state due to step 410 as described later. When 
flag Fd is "0" at step 302, that is, the NOx absorption 
and release material 56 is not yet saturated, the rou- 
tine proceeds to step 304, where a time of a continu- 
ing lean burn condition is counted up per every entry 
to the routine, for example by increasing the accumu- 
lated engine rotations. 

Then, at step 306, a decision Is made as to wheth- 
er or not the period of continuing lean burn condition, 



as measured by accumulated engine rotations SNe, 
finally exceed a predetermined number of rotations 
SNeO. When SNe exceeds SNeO, it is deemed that 
NOx absorption ability of the NOx absorption and re- 

5 lease material 56 reaches the limit and the NOx ab- 
sorption and release material 56 must be regenerat- 
ed. Then, the routine proceeds to step 308 where flag 
Fd is set to "1". If SNe is smaller than SNeO at step 
306, the routine proceeds to step 312. Since SNe Is 

10 usually smaller than SNeO, the routine usually pro- 
ceeds to step 312. In the above-described apparatus, 
steps 304 and 306 constitute a decision means for de- 
termining whether a lean burn condition has contin- 
ued for a first predetermined time period. 

15 From step 308 the routine proceeds to step 31 0, 

where a decision Is made as to whether or not flag 
Fds is "1". The state that flag Fds is "1'* means that 
the NOx absorption and release material is in a natu- 
ral release condition. When it is determined at step 

20 310 that Fds is "1 ", the routine proceeds to the return 
step. If flag Fds is "0" at step 310, the routine pro- 
ceeds to step 312. where a decision is made as to 
whether or not the exhaust gas temperature T is high- 
er than a natural release beginning temperature T2 at 

25 which the NOx absorption and release material 56 be- 
gins to release NOx naturally under oxidizing gas con- 
ditions. When T is greater than T2 and the tempera- 
ture is in a natural release range, the routine pro- 
ceeds to step 314 where natural release range flag 

30 Fds Is set to "1 and then the routine proceeds to step 
306 where the second timer 70 is switched to "ON". 
When about ten seconds has elapsed since the 
switching-on of the second timer 70, SNe is cleared 
to zero and flag Fds also is cleared to "0". During the 

35 perk)d of about ten seconds since the switching-on of 
the second timer 70, since the NOx absorption and 
release material 56 Is at high temperatures above T2, 
the NOx absorption and release material 56 contin- 
ues to release NOx under oxidizing gas conditions, so 

40 that the NOx absorption and release material 56 Is fi- 
nally regenerated. If the exhaust gas temperature T is 
lower than T2 at step 312, the routine proceeds to the 
return step, skipping steps 314 and 316. 

After each completion of the routine of FIG. 9, the 

45 routine of FIG. 10 is entered. At step 402, a decision 
is made as to whether or not release requirement flag 
Fd is "1". Usually, flag Fd is in a "0" condition due to 
step 410 which will be described later. If flag Fd is "0" 
at step 402, the routine proceeds to a return step. In 

50 contrast, if flag Fd is **1" at step 402, the routine pro- 
ceeds to step 402', where the heater 84 Is switched 
on. Then, the routine proceeds to step 404. 

At step 404, a decision is made as to whether or 
not the exhaust gas temperature T is higher than an 

55 NOx release beginning temperature T1 at a stoichio- 
metric alr-fiiel ratio. Before T reaches T1, NOx re- 
lease does not occur even if the heater 84 is in an 
"ON" state. Therefore, the routine proceeds to the re- 
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turn step, skipping steps 406, 408, and 410. When T 
exceeds T1 at step 404, the routine proceeds to step 
406, where a decision is made as to whether stoichio- 
metric release flag Fdg is "1" or not. If flag Fdg is "0", 
the routine proceeds to step 408 so that the air-fuel 
ratio is controlled to a stoichiometric or rich air-fuel ra- 
tio, and flag Fdg is set to "1". If flag Fdg is "1" at step 
406, since the engine operation is in the stoichiomet- 
ric control condition, the routine proceeds to the re- 
turn step. 

From step 408 the routine proceeds to step 410, 
where the first timer 68 Is switched to "ON". The first 
timer 68 counts a second time period, for example, 
twenty seconds, and after the second period, clears 
the accumulated engine rotations number SNe, re- 
sets stoichiometric release flag Fdg and release re- 
quirement flag Fd, and switches off the heater 84. 
Then, the routine returns. 

In the above-described apparatus, step 402' and 
the first timer 68 constitute the NOx absorption and 
release material regeneration means. Further, steps 
402, 408, and 410 constitute air-fuel ratio control 
means for temporarily changing the air-fuel ratio to a 
stoichiometric or rich air-fuel ratio for a predetermined 
period set by the first timer 68 (for example, twenty 
seconds). 

Fuel injection control itself Is well known. More 
particularly, a basic fiiel lnjectk>n amount TAU is de- 
termined on the basis of an engine load PM and an 
engine speed NE, and then various modifications are 
added to the TAU value. To determine TAU on the ba- 
sis of PM and NE, two maps are stored in the ECU, 
that is, a lean burn map used for lean burn operation 
and a stoichiometric map used for stoichiometric op- 
eration. The stoichiometric map control of step 408 
means that the operation is temporarily changed from 
the lean burn operation to a stoichiometric operation 
using the stoichiometric map. 

Operation of the second embodiment of the In- 
vention will now be explained. 

In a lean burn operation, the three-way catalyst 
58 cannot reduce NOx. However, since the NOx ab- 
sorption and release material 56 Is located under a ve- 
hicle floor, the temperature of the NOx absorption 
and release material 56 is low. so that NOx included 
in exhaust gas is absorbed by the NOx absorption 
and release material 56. As a result, NOx exhaust Into 
the atmosphere is prevented. 

When a relatively low speed running condition 
continues and the NOx absorption and release mate- 
rial 56 has almost been saturated, the heater 84 is 
switched to "ON" so that the engine is changed to a 
stoichiometric air-fuel ratio operation where the 
three-way catalyst 58 can reduce NOx; Since the 
heater 84 has been switched on, the temperature of 
the NOx absorption and release material 56 rises and 
finally exceeds the predetermined temperature, to re- 
lease absorbed NOx. The released NOx is reduced by 



the three-way catalyst 58 which is located down- 
stream of the NOx absorption and release material 
56. 

When it is determined at step 306 that a period 
5 of the lean burn operation exceeds a first predeter- 
mined period, flag Fd is set to "1" at step 308. Thus, 
when the routine of FIG. 10 is entered, the routine 
proceeds to steps 402', 408. and 410, so that the hea- 
ter 84 Is changed to "ON" and the air-fuel ratio is 
10 changed to a stoichiometric or rich air-fuel ratio. This 
conditton is maintained for a second time period. As 
a result, the NOx release characteristic is changed 
from T2 to T1 In FIG. 1 1 , and the NOx absorption and 
release material 56 releases NOx and Is regenerated. 
IS After the regeneration, the operation is returned to a 
lean burn operation. These cycles are repeated. 

THIRD EMBODIMENT 

20 As illustrated in FIG. 12, an exhaust conduit 30 of 

a lean burn engine (diesel engine in the third embodi- 
ment) includes a dual passage portion 32 having a 
first passage 32Aand a parallel second passage 32B. 
Diesel particulate filter and NOx absorption and re- 

25 lease materials (hereinafter, NOx absorption and re- 
lease materials) 34Aand 34B are disposed in first and 
second passages 32A and 32B, respectively. Each 
NOx absorption and release material 34A, 34B func- 
tions not only as a diesel particulate filter for captur- 

30 ing diesel particulates but also as an NOx absorption 
and release material. More particularly, each NOx ab- 
sorption and release material 34A. 34B absorbs NOx 
included in exhaust gas from the engine at tempera- 
tures below a predetermined temperature and releas- 

35 es absorbed NOx at temperatures above the prede- 
termined temperature. 

Each NOx absorption and release material 34A, 
34B includes a carrier constituted of alumina which 
carries at least one kind of material selected from the 

40 group consisting of alkali metal including potassium 
(K), sodium (Na), and lithium (Li); alkali-earth includ- 
ing barium (Ba), cesium (Ce), and calcium (Ca); and 
rare-earth element including lanthanum (La) and ytt- 
rium (Y), and further carries at least one kind of metal 

45 selected from the group consisting of noble metals In- 
cluding platinum (Pt) and transition metals including 
copper (Cu) and iron (Fe). This NOx absorption and 
release material absorbs NOx when the exhaust gas 
is in oxidizing gas conditions, and releases NOx when 

50 the oxygen concentration of the exhaust gas de- 
creases and/or when the the exhaust gas tempera- 
ture rises to a temperature above the predetermined 
temperature. 

NOx decomposition catalysts 36A and 36B with 

55 a heater are disposed in portions of the first and sec- 
ond passages 32A and 32B, respecth/ely. located 
downstream of the NOx absorption and release ma- 
terials 34Aand 34B. For the NOx decomposition cat- 
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alysts 36A and 36B, any of the following three kinds 
of catalysts can be used: a catalyst which is constitut- 
ed by zeolite ZSM-5 and copper ion-exchanged and 
deposited onto the zeolite; a catalyst which is consti- 
tuted by alumina AI2O3 and Cu deposited onto the alu- 
mina; and a catalyst which is constituted by alumina 
AI2O3 and platinum or platinum and rhodium deposit- 
ed onto the alumina. 

Electric heaters 38Aand 38B are disposed in por- 
tions of the first and second passages 32A and 32B, 
respectively, located upstream of the NOx absorption 
and release materials 34A and 348. When the hea- 
ters 38Aand 388 are switched on, the heaters 38A 
and 388 burn diesel particulates captured by the NOx 
absorption and release materials 34A and 34B, and 
heat the NOx absorption and release material 34A 
and 348 to a temperature above the predetermined 
temperature to cause the NOx absorption and release 
material 34A and 348 to release absorbed NOx. As a 
result, the NOx absorption and release materials 34A 
and 348 are regenerated both as a diesel particulate 
filter and as an NOx absorption material. 

Row switching valves 40A and 408 for switching 
exhaust gas flow between the first passage 32A and 
the second passage 328 are disposed in the first and 
second passages 32A and 328. respectively, up- 
stream of the heaters 38Aand 388, respectively. The 
flow switching valves 40A and 408 are driven by ac- 
tuators 42A and 428, respectively. When one of the 
switching valves 40A and 408 is open, the other of 
the switching valves 40A and 408 is closed. 

Secondary air supply ports 46A and 468 for sup- 
plying secondary air into the first and second passag- 
es 32A and 328 are provided at portions of the first 
and second passages 32A and 328 located between 
the switching valves 40A and 408 and the NOx ab- 
sorption and release materials 34Aand 348. The sec- 
ondary air supply ports 46A and 468 are connected 
to an air pump 50 via secondary air conduits in which 
solenoid valves 48A and 488 for switching on and off 
supply of secondary air are disposed. 

The heaters 38A and 388 provided so as to heat 
the NOx absorption and release materials 34A and 
348 and the heaters provided so as to heat the NOx 
decomposition catalysts 36Aand 368 are connected 
via an electric circuit to a battery 86 so that electricity 
is supplied to the heaters, and an electric relay device 
88 is provided on the electric circuit so as to selective- 
ly switch on and off the heaters. 

The switching on and off of the flow switching 
valves 40A and 408 and the switching on and off of 
the electric heaters for the NOx decomposition cata- 
lysts 38A and 388 are controlled by an electronic con- 
trol unit (ECU) 90. Like the cases of the first and sec- 
ond embodiments, the ECU 90 includes a CPU, a 
ROM, a RAM, and input and output interfaces, and 
analog signals are converted into digital signals by an 
A/D converter and are fed to the input interface. 
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A pressure sensor 92 is installed in a portion of 
the exhaust conduit 30 located upstream of the dual 
passage portion 32 and another pressure sensor 94 
Is installed in a portion of the exhaust conduit 30 lo- 

5 cated downstream of the dual passage portion 32. A 
differential between outputs of these two pressure 
sensors 92 and 94 corresponds to the amount of die- 
sel particulates captured by the NOx absorption and 
release materials 34A and 348, so that the need for 

10 regeneration as a diesel particulate filter can be de- 
tected. The outputs of the pressure sensors 92 and 94 
are fed to the ECU 90. Output signals of the engine 
speed sensor 96 and the engine load sensor 98 are 
also fed to the ECU 90. 

15 Control routines of FIGS. 13 - 15 for controlling 

the flow switching vaWes 40A and 408 and heaters 
38A and 388 are stored in the ROM, and calculation 
according to the control routines Is executed in the 
CPU. The routine of FIG. 1 3 controls beginning regen- 

20 eration of the NOx absorption and release material, 
and the routines of FIGS. 14 and 15 control the regen- 
eration operation periods using a timer to perform re- 
generation and then resetting at optimum timings. 
The routine of FIG. 13 is entered at step 500 at 

25 intervals of predetermined periods, for example, at 
every eight milliseconds. Then, at step 502, the cur- 
rent engine speed Ne, the current engine load T (for 
example, throttle valve opening degree), the current 
pressure Pa of the pressure sensor 92, and the cur- 

30 rent pressure Pb of the pressure sensor 94 are en- 
tered. Then, at step 504, a predetermined allowable 
pressure differential Pd between the upstream side 
and the downstream side of the NOx absorption and 
release material for the current engine operating con- 

35 dition is determined using a map. Then, at step 506, 
a decision is made as to whether or not the current 
pressure differential (Pa - Pb) exceeds the allowable 
pressure differential Pd. If the actual pressure differ- 
ential is equal to or smaller than Pd, the NOx absorp- 

40 tion and release material need not be regenerated, 
and so the routine proceeds to a return step. In con- 
trast. If the actual pressure differential exceeds Pd, 
the routine proceeds to step 508 to regenerate the 
NOx absorption and release material by burning die- 

45 sel particulates. 

To execute the regeneration, at step 508 a deci- 
sion is made as to which passage of the first and sec- 
ond passages is open to exhaust gas flow. The con- 
dition that passage Aflag PAF is"1" means valve 40a 

50 Is currently open so that the exhaust gas has been 
flowing through the first passage 32A, and therefore 
the NOx absorption and release material to be regen- 
erated is the NOx absorption and release material 
34A. If it is determined at step 508 that flag PAF is "1", 

55 the routine proceeds to step 51 OA, where a decision 
is made as to whether or not the current cycle is a first 
cycle for passing through the route including step 
510A. The condition that flag C is "1" corresponds to 
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the first cycle. 

When it is determined at step SIOAthat flag C is 
"1", the routine proceeds to steps 51 2A- 522A, where 
regeneration of the NOx absorption and release ma- 
teria! 34A begins. More particularly, at step 512Athe 
flow switching valve 40A is closed, at step 514Athe 
timer is switched on, at step 516Athe air pump 50 Is 
turned on, and at step 518Athe heater of the NOx de- 
composition catalyst 36A is switched on by operating 
the relay 88. As a result, the heater 38A burns the 
particulates to regenerate the NOx absorption and re- 
lease material. During the regeneration, secondary 
air supplied from the air pump 50 flows through the 
NOx absorption and release material 34A at low 
speeds. Since the temperature of the exhaust gas 
flowing through the NOx absorption and release ma- 
terial is high due to combustion energy of the partic- 
ulates, the NOx absorption and release material 34A 
releases absorbed NOx. 

Then, at step 524A, flag 0 is set to "0", and then 
the routine proceeds to step 526 where the cyde 
ends. In the successive cyde, when the routine pro- 
ceeds to step 51 OA, the routine will proceed from step 
51 Ato step 526. As a result, the regeneration by steps 
512A - 524A of the previous cycle holds until the re- 
generation has been completed in the routines of 
FIGS. 14 and 15. 

If it is determined at step 508 that passage A flag 
PAF is "0", this means valve 40a is currently shut so 
that the exhaust gas has been flowing through the 
passage 32B, and the NOx absorption and release 
material to be regenerated is the NOx absorption and 
release material 34B. Thus, the routine proceeds 
from step 508B to step 51 OB so that regeneration of 
the NOx absorption and release material 34B is exe- 
cuted. Structures and functions of steps 510B - 524B 
are the same as those of steps 51 OA - 524A except 
that suffix A of each reference numeral Is changed to 
B. 

The regeneration of the NOx absorption and re- 
lease material 34A continues for a predetermined per- 
iod according to the routine of FIG. 14. The routine of 
FIG. 14 is entered at step 600A at intervals of prede- 
termined periods, for example, at every eight millisec- 
onds. Then, at step 602A, a decision is made as to 
whether the timer count time exceeds a predeter- 
mined period T1 (for example, three minutes). If the 
timer count time exceeds the predetermined period 
T1 at step 602A, the routine proceeds to step 604A, 
where the relay 88 is switched off to switch off the 
heater 38A. Then, the routine proceeds to step 606A, 
where a decision is made as to whether the timer 
count time exceeds a predetermined period T2 (for 
example, fifteen minutes). If the timer count time ex- 
ceeds the predetermined period T2, the routine pro- 
ceeds to step 608A, where the air pump 50 and the 
air switching valve 48A are switched off, so that sup- 
ply of secondary air stops. Then, the routine proceeds 



to step 61 2A. where a decision is made as to whether 
or not a timer count time exceeds a predetermined 
period T3 (for example, fifteen minutes). If the timer 
count time exceeds the period T3, the routine pro- 

5 ceeds to step 614A, where the heater provided to the 
NOx decomposition catalyst 36A is switched off. In 
this way, when the period of the maximum of T1, T2. 
and T3 has elapsed, the regeneration is completed. 
Then, at step 61 6A, a decision Is made as to 

10 whether or not all of the relay 88, the air pump 50, the 
air switching valve 48A, and the heater 36A are 
switched off, that is, whether or not the regeneration 
has been completed. If the regeneration has not yet 
been completed, the routine proceeds to a return step 

15 624A, and if the regeneration has been completed, 
the routine proceeds to steps 61 8A - 622A, where 
passage A flag PAF is reset to "0", flag C is reset to 
"1", and the timer count time is deared to zero. 

Regeneration and resetting of the NOx absorp- 

20 tion and release material 34B are executed according 
to a routine of FIG. 15 which is similar to that of FIG. 
14. Steps 600B - 624B of the routine of FIG. 15 cor- 
respond to steps 600A - 624A of the routine of FIG. 
1 4 except that suffix A is changed to suffice B. In the 

25 above-described structures, the routines of FIGS. 1 3, 
1 4, and 1 5 constitute the NOx absorption and release 
material regeneration means of the third embodiment 
of the invention. 

Operation of the third embodiment of the inven- 

30 tion will now be explained. 

When the pressure differential (Pa - Pb) between 
the pressures detected by the pressure sensors 92 
and 94 exceeds the predetermined value Pd, it is as- 
sumed that the amount of diesel particulates cap- 

35 tured by the NOx absorption and release material is 
large and it is a time for a regeneration cyde. Then, 
the flow switching valve 40A or 40B which has been 
open is switched to be closed and secondary air be- 
gins to be supplied into the passage where the now 

40 shut flow switching valve 40A, 40B is installed. Fur- 
ther, a corresponding heater 38A or 38B is switched 
to "ON" so that the diesel particulates which have 
been captured by the NOx absorption and release 
material are burned. The heater of the corresponding 

45 NOx decomposition catalyst 36A or 36B located 
downstream of the NOx absorption and release ma- 
terial is also switched on. When the temperature of 
the NOx absorption and release material 34A, 34B is 
high due to the thermal energy which the captured 

50 diesel particulates produces when burned, the NOx 
absorption and release material 34A, 34B releases 
absorbed NOx. The released NOx flows to the NOx 
decomposition catalyst 36A 36B where the NOx is 
decomposed. Thus, the NOx absorption and release 

55 material 34A, 34B Is regenerated not only as a cap- 
tured diesel particulate filter and but also as an NOx 
absorption material. In the third embodiment, since 
flow through the NOx absorption and release mate- 
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rial 34A, 34B during regeneration is at a low space ve- 
locity and at a high temperature, the regeneration is 
smooth. Consequently, one of the NOx absorption 
and release materials 34A, 34B is always in a non- 
saturated condition capable of absorbing NOx, so 
NOx exhaust to atmosphere is always prevented. 

FOURTH EMBODIMENT 

As illustrated in FIGS. 16 - 19. an apparatus ac- 
cording to the fourth embodiment of the invention 
comprises an apparatus where a reduction agent 
such as hydrocarbons (HC) and hydrogen is supplied 
into the passage upstream of the NOx decomposition 
catalyst 36A. 36B in an apparatus otherwise similar 
to that of the third embodiment, so that NOx conver- 
sion rate of the NOx decomposition catalyst 36A, 368 
is increased. Since other structures and operation of 
the fourth embodiment of the invention are the same 
as those of the third embodiment of the invention, the 
same portions are denoted with the same reference 
numerals as those of the third embodiment, and por- 
tions different from the third embodiment only will be 
explained below. 

In FIG. 16, between the NOx absorption and re- 
lease material 34A, 34B and the NOx decomposition 
catalyst 36A, 36B, an HC injection apparatus for in- 
jecting fuel (light oil) of the diesel engine into the ex- 
haust conduit Is installed. The HC injection apparatus 
includes an HC supply valve 28A, 28B which supplies 
HC when it is open. Opening and closing of the HC 
supply valve 28A, 28B is controlled by the ECU 90. 

FIGS. 17-19 illustrate routines for controlling re- 
generation of the NOx absorption and release mate- 
rials 34A and 34B, which constitute the NOx absorp- 
tion and release material regeneration means of the 
fourth embodiment of the invention. The routines of 
FIGS. 17- 19 are the same as those of FIGS. 13-15, 
respectively, except that steps 700A, 700B, 702A, 
704A, 702B, 7048 are added in the routines of FIGS. 
17-19. 

More particularly, in FIG. 17, step 700Ais added 
between step 522Aand step 524A. At step 700A, HC 
supply valve 28A is opened so that HC is supplied. 
The NOx decomposition catalyst 36A, 368 needs HC 
as a reduction agent to decompose NOx. The sup- 
plied HC helps the released NOx to be decomposed 
at the NOx decomposition catalyst 36A Similarly, 
step 700B is added between step 522B and 524B. At 
step 7008. HC supply valve 288 is opened so that HC 
is supplied. The supplied HC helps the released NOx 
to be decomposed at the NOx decomposition catalyst 
36B. 

When regeneration of the NOx absorption and re- 
lease material 34Aor 348 is completed, supply of HC 
is stopped. More particularly, in FIG. 18, steps 702A 
and 703Aare added between step 614A and 616A. 
When the time counted by the timer exceeds a pre- 



determined period T4 (for example, fifteen minutes), 
the HC supply valve 28A is switehed off and supply 
of HC Is stopped. Similarly, in FIG. 19, steps 702B 
and 704B are added and supply of HC is stopped by 

5 switching off the HC supply valve 288. 

With respect to operation of the fourth embodi- 
ment of the invention, the NOx conversion rate of the 
NOx decomposition catalysts 36A and 36B is in- 
creased to a great extent. More particularly, injected 

10 HC is thermally decomposed into HC of desirable si- 
zes which is partially oxidized to generate radicals to 
promote decomposition of NOx at the NOx decompo- 
sition catalysts 36A and 368. 

The NOx absorption and release material 34A, 

15 34B begins to release absorbed NOx not only when 
the exhaust gas temperature exceeds a predeter- 
mined temperature but also when the oxygen concen- 
tration of the exhaust gas lowers. When the air-fuel 
ratio is stoichiometric or rich, the exhaust gas in- 

20 eludes almost no oxygen while unburned HC increas- 
es. The unburned HC is consumed in decomposing 
NOx, because the HC rapidly takes oxygen atoms 
from the NOx that is released from the NOx absorp- 
tion and release material to be oxidized. Since the 

25 NOx absorption and release materials 34A and 34B 
have an NOx absorption characteristic under a lean 
burn condition and an NOx decomposition character- 
istic at low oxygen concentrations, the NOx decom- 
position catalysts 36A and 368 are not absolutely 

30 necessary in this embodiment. 

In accordance with the present invention, since 
the heater operable to heat the NOx absorption and 
release material is provided, the temperature of the 
NOx absorption and release material can be inten- 

35 tionally controlled independently of the engine oper- 
ating condition and the location of the NOx absorp- 
tion and release material, so that controllability and 
freedom of design are improved. 

40 

Claims 

1. An NOx decreasing apparatus for an internal 
combustion engine comprising: 
45 an internal combustion engine capable of 

fuel combustion at lean air-fuel ratios; 

an exhaust conduit (6) connected to the in- 
ternal combustion engine; 

an NOx absorption and release material 
50 (2). installed in a first portion of the exhaust con- 

duit (6), for absorbing NOx included in exhaust 
gas from the engine under oxidizing gas condi- 
tions at temperatures below a predetermined 
temperature and for releasing absorbed NOx at 
55 temperatures above the predetermined tempera- 

ture; and 

a first heater (24) installed in the first por- 
tion of the exhaust conduit (6) and operable to 
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heat the NOx absorption and release material (2) 
to a temperature above the predetermined tem- 
perature. 

2. An NOx decreasing apparatus according to daim 
1, further comprising air-fuel ratio control means 
for decreasing an air-fuel ratio of the Internal 
combustion engine from a lean ratio to at least a 
stoichiometric ratio when the NOx absorption 
and release material (2) is releasing NOx. 

3. An NOx decreasing apparatus according to daim 
1, further comprising an NOx decomposition cat- 
alyst (4) capable of decomposing NOx under ox- 
idizing gas conditions and installed in the first 
portion of the exhaust conduit (6) downstream of 
the NOx absorption and release material (2). 

4. An NOx decreasing apparatus according to daim 
1, further comprising: 

NOx absorption and release material re- 
generation means for temporarily operating the 
heater (24) to heat the NOx absorption and re- 
lease material (2) to a temperature above the pre- 
determined temperature to cause the NOx ab- 
sorption and release material (2) to release ab- 
sorbed NOx. 

5. An NOx decreasing apparatus according to daim 

4, wherein the NOx absorption and release ma- 
terial (2) comprises a composite oxide of allcaline 
earth and copper. 

6. An NOx decreasing apparatus according to daim 

5, wherein the composite oxide of alkali earth 
and copper is Mn02.BaCu02. 

7. An NOx decreasing apparatus according to daim 
4, wherein the NOx absorption and release ma- 
terial (2) comprises a combination of a rare-earth 
element and a noble metal. 

8. An NOx decreasing apparatus according to daim 
7, wherein the rare-earth element is lanthanum 
and the noble metal is platinum. 

9. An NOx decreasing apparatus according to daim 
4, further comprising: 

an NOx decomposition catalyst (4) capa- 
ble of decomposing NOx under oxidizing gas con- 
ditions and installed in the first portion of the ex- 
haust conduit (6) downstream of the NOx absorp- 
tion and release material (2). 

10. An NOx decreasing apparatus according to daim 
9, wherein the NOx decomposition catalyst (4) is 
a zeolite-type catalyst including zeolite and cop- 
per ion-exchanged and deposited onto the zeo- 



lite. 

11. An NOx decreasing apparatus according to daim 
9, wherein the NOx decomposition catalyst (4) is 

5 a three-way catalyst 

12. An NOx decreasing apparatus according to daim 
9, wherein the predetermined temperature above 
which the NOx absorption and release material 

10 (2) releases NOx is about SOC'C. 

13. An NOx decreasing apparatus according to daim 
9 wherein the exhaust conduit (6) comprises: 

a bypass conduit (8) bypassing the portion 

15 of the exhaust conduit (6) where the NOx absorp- 

tion and release material (2) and the NOx decom- 
position catalyst (4) are installed; 

a bypass valve (10) installed at a connec- 
tion point between the bypass conduit (8) and the 

20 first portion of the exhaust conduit (6) and oper- 

able to throttle exhaust gas flowing through the 
first portion of the exhaust conduit (6) containing 
the NOx absorption and release material (2) and 
the NOx decomposition catalyst (4), while allow- 

25 ing the remainder of the exhaust gas to flow 

through the bypass conduit (8); and 

bypass valve control means for controlling 
the bypass valve so that the bypass valve throt- 
tles the exhaust gas flowing through the NOx ab- 

30 sorption and release material (2) and the NOx de- 

composition catalyst (4) while the NOx absorp- 
tion and release material regeneration means Is 
causing the heater (24) to heat the NOx absorp- 
tion and release material (2). 

35 

14. An NOx decreasing apparatus according to daim 
13 wherein the NOx absorption and release ma- 
terial regeneration means comprises a timer 
(14g) which is switched on to begin to count time 

40 when an accumulated number of engine rotations 

exceeds a predetermined number and the ex- 
haust gas temperature measured at an inlet of the 
NOx absorption and release material (2) exceeds 
a predetermined temperature and which switches 

45 off the heater (24) when the counted period of 

time exceeds a predetermined time period. 

15. An NOx decreasing apparatus according to daim 
14, wherein the predetermined time period set in 

50 the timer (14g) is about ten seconds. 

16. An NOx decreasing apparatus according to daim 
9 wherein the exhaust conduit comprises a single 
conduit (54), the first portion of the exhaust con- 

55 duit containing the NOx absorption and release 

material (56) being located under a vehlde floor 
and the NOx decomposition catalyst comprising 
a three-way catalyst (58). 
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17. An NOx decreasing apparatus according to claim 
16, further comprising: 

another three-way catalyst (64) Installed 
in the exhaust conduit between the Internal com- 
bustion engine (52) and the NOx absorption and 
release material (56). 

18. An NOx decreasing apparatus according to claim 
16 wherein the NOx absorption and release ma- 
terial regeneration means comprises: 

first decision means for determining 
whether or not a lean burn condition has contin- 
ued for a first predetermined time period; 

second decision means for determining 
whet her or not an exhaust gas temperature at t he 
NOx absorption and release material (56) is high- 
er than the predetermined temperature; 

air-fuel ratio control means for temporarily 
reducing the air-fuel ratio of the engine to at least 
a stoichiometric ratio when the first decision 
means determines that a lean burn condition has 
continued for the first predetermined time period 
and the second decision means determines that 
the exhaust gas temperature is higher than the 
predetermined temperature; and 

a timer for counting time since the air-fuel 
ratio control means reduces the air-fuel ratio to at 
least a stoichiometric ratio, the timer switching off 
the heater and clearing the air-fuel ratio control 
means when the time counted by the timer ex- 
ceeds a second predetermined time period. 

19. An NOx decreasing apparatus according to claim 
18, wherein the second predetermined time per- 
iod is about twenty seconds. 

20. An NOx decreasing apparatus according to claim 
1, wherein the engine is a diesel engine, the ex- 
haust conduit (30) including a second portion 
(32B) parallel to the first portion (32A), a second 
one of said NOx absorption and release material 
(34B) being disposed In the second portion (32B) 
of the exhaust conduit, the first and second NOx 
absorption and release materials (34A, 348) op- 
erating also as diesel particulate filters, said first 
heater (38A) being disposed in the first portion 
(32A) of the exhaust conduit upstream of the first 
NOx absorption and release material (34A) and a 
second heater (388) being disposed in the sec- 
ond portion (328) of the exhaust conduit up- 
stream of the second NOx absorption and re- 
lease material (34B). 

21. An NOx decreasing apparatus according to daim 
20, further comprising: 

a first flow switching valve (40A) disposed 
in the first portion (32A) of the exhaust conduit 
and a second flow switching valve (408) dis- 



posed in the second portion (328) of the exhaust 
conduit; 

a f iret secondary air supply port (46A) lo- 
cated in the first portion (32A) of the exhaust con- 

5 duit between the first flow switching valve (40A) 

and the first NOx absorption and release material 
(34A), and a second secondary air supply port 
(468) located in the second portion (328) of the 
exhaust conduit between the second flow swltch- 

10 ing valve (408) and the second NOx absorption 

and release material (348); 

a first pressure sensor (92) disposed in the 
exhaust conduit upstream of the first and second 
NOx absorption and release materials (34A, 

15 348), and a second pressure sensor (94) dis- 

posed in the second conduit downstream of the 
first and second NOx absorption and release ma- 
terials (34A. 348): and 

NOx absorption and release material re- 

20 generation means for temporarily and alternately 

operating the first and second heaters (38A, 388) 
to burn diesel particulates captured by the first 
and second NOx absorption and release materi- 
als (34A, 348) and causing the f iret and second 

25 NOx absorption and release materials (34A, 348) 

to release absorbed NOx. 

22. An NOx decreasing apparatus according to daim 
21, further comprising: 

30 a first NOx decomposition catalyst (36A) 

disposed In the first portion (32A) of the exhaust 
conduit downstream of the first NOx absorption 
and release material (34A), and a second NOx 
decomposition catalyst (368) disposed in the 

35 second portion (328) of the exhaust conduit 

downstream of the second NOx at>sorptlon and 
release material (348). 

23. An NOx decreasing apparatus according to daim 
40 21 , wherein said NOx absorption and release ma- 
terial regeneration means includes: 

a timer, 

means for determining whether or not a 
difference between the outputs of the f Iret and 
45 second pressure sensors (92, 94) exceeds a pre- 

determined value; 

means for determining which one of the 
f iret and second portions (32A, 328) of the ex- 
haust conduit is currently open to exhaust gas 
50 flow; and 

means for dosing the flow switching valve 
(40A, 408) in the determined portion of the ex- 
haust conduit, injecting secondary air into the de- 
termined portion, switching on the heater (38A. 
55 388) in the determined portion, and switching on 

the timer to cause the timer to count time. 

24. An NOx decreasing apparatus according to daim 
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23. wherein said NOx absorption and release ma- 
terial regeneration means further Includes: 

means for determining whether or not a 
time counted by the timer exceeds a first prede- 
termined time period and switching off the heater 5 
(38A, 38B) when the counted time exceeds the 
first predetermined time; and 

means for determining whether or not a 
time counted by the timer exceeds a second pre- 
determined time period and stopping the supply io 
of secondary air when the counted time exceeds 
the second predetermined time. 

25. An NOx decreasing apparatus according to claim 

24p wherein the first time period is three minutes is 
and the second time period is fifteen minutes. 

26. An NOx decreasing apparatus according to daim 
22, further comprising: 

a first HC supply port disposed in the first 20 
portion (32A) of the exhaust conduit between the 
first NOx absorption and release material (34A) 
and the first NOx decomposition catalyst (36A), 
and a second HC supply port disposed in the sec- 
ond portion (32B) of t he exhaust conduit between 25 
the second NOx absorption and release material 
(34B) and the second NOx decomposition cata- 
lyst (36B). 

27. An NOx decreasing apparatus according to daim 30 
26, wherein said NOx absorption and release ma- 
terial regeneration means indudes: 

means for supplying HC Into one of the 
first and second portions (32A, 32B) of the ex- 
haust conduit through one of the HC supply ports 35 
provided in the one of the first and second por- 
tions while one of the first and second NOx ab- 
sorption and release materials (34A, 34B) instal- 
led in the one of the first and second portions 
(32A, 328) is being regenerated so that supplied 40 
HC promotes reduction of NOx by one of the first 
and second NOx decomposition catalysts (36A, 
36B) installed in the one of the first and second 
portions (32A, 32B). 



50 
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